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(54) -Composition for an organic el element andmethod Of menufacturfng the organic el element 

(57) Axomposition tormorga ni c E L eleroentwfaich — 

can form a high precision pattern in a simple manner 
and in a short tinie and a method of manufacturing the 
organic EL element are dsdosed. By us^ the compo- 
sition. optimum film design and luminescence charac- 
teristic can be easfly obtained, and an aejustment of a 
luminescence efficiency can also be easily performed. 

The composition for an organic EL element conpnses a 
precursor of a conjugated organic polymer oon^pound 
for fomning at least one luminescent layer (106). (107), 

(108) having a certain color and at least one kind of flu- 

orescent dye for changing the luminescence charac ter- _ _ 

istic of the luminescent layer. The luminescent layer is 
made from a pattern form^ by an ink-jet method. As for 
the precursor, a precursor of PPV, PPV derivative or the 
!3 q is preferably used. Further, it is preferable that the 
(xmpo^on for the organic EL elernent satisfies at least 
one of the oonefitions including a contact angle of 30 to 
170degrees with respect to a nozzle surface of a nozzle 
provided In a head of an ink-jet device used for the ink- 
jet method for cfischarging the corhposrtion, a viscosity 
of 1 to 20cp and a st^foce tension of 20 to TOdyne/cm. 
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Descrfptloa 

BACKGROUND OF THE INVENTION 

f 

5 Field Of 11)6 Invention 

The present invemion relates to a corrposition for an electroluminescent (EL) element, and more particularly to a 
oomposHion for an organic EL element and a method o# manufacturing the organic EL element 

to Description of the Background Art 

An organic EL slenwrt has a constitution in which a cathode and an anode are connected to the opposite sides of 
a solid thin f8m containing a fluorescent aganic compound. When a vottage is applied across the electrodes, electrons 
and holes are injected into the thin film, and they migrate according to the generated electric field and recombine with 
T 5 each other. At the time, exertons are produced by the energy liberated upon the recombination, and energy (in the form 
of fluorescence or phosphorescence) is emitted when the exdtons are returned to the ground state thereof. This phe- 
nomenon is called electroluminescenca 

The characteristic of an organic EL element resides in the point that a high luminance surface emission of 100 to 
lOO.OOOod is possWe at a low voltage of less than about lOV. Further, since organic compounds are used, there is 
20 an unlimited possibility as to the selection of the raw materials. This is the exceflent advantage of the EL element, which 
cannot be found in other material systems. For example, by appropriate selection of the Wnds of the fluorescent mate- 
rials. it is possfcle to provide emisston of visible rays ranging from blue color to red color. 

In this cormection, the luminescence efficiency and the stability of the EL element which are important factors of 
the EL elen>ent are achieved by a luminescent layer. In the past doping of high efficiency fluorescent dyes into the lumi- 
^ nescent layer has been carried out in order to improve the luminescence efficier)cy and change the emission wave- 
length. 

The conv'entlonal organic EL element Is formed into a thin film laminated-type organic tNn film EL element, in which 
a low nx)lecular material (host material) is mainly used as an organic EL material so that the thin film is formed of the 

-lew molecular-material. Such.an organic EL material iB.tormed by.adcflng a.fluorescent dye to.a low.molecular weight . 

30 host material. Examples of such an EL element include an element obtained by addng a fluaescent dye such as peryl- 
- eiia or distyrylbphenyl to a host material such as aluminum quinolynol complex (Akfe) or distyrylbiphenyl a the like. 

in order to form a thin fim from such a low nroleciiar dye compojnci a vapor deposition method has been so far 
entofoyed. However, it is difficuH to obtain a homogeneous defect-free thin fHm by the vapa deposition method. Further, 
the vapor deposition is not an effident method, since it takes a long time to form several organic layers by the method. 

35 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a composition for an organic EL element and a method of manu- 
facturing such an EL element which can perform a high precision patterning in a simple manner and in a short time, 
40 achieve an optimization of a film design and a lumtneec&ice charact^istic easily, and facilitate an ac^ustment of a lumi- 
nescence efficiency, as well as form a thin film having excellent durability. 

In order to achieve such.an.objecL.the present inyeritfon Is directodjo a for_an orgwic EL element for 

forming at leest one luminescent layer havfog a certain color. The composHion oonprises a precursor of a oonjugated 
organic polymer compound for fbrminQ the luminescent layer; and at (east one kind of fluorescent dye for changing the 
45 luminescence characteristic of the luminescent layer. Preferably, the luminescent layer is made from a pattern of the 
composition which is formed by an ink-jet method. In this case, the luminescence characteristic is a maximum wave- 
length of Sght absorption, and it is preferred that the conjugated organic polymer compoind includes a hole injection 
and transfer type material. 

The precursor is preferably a polyaltytene vinytene precursor, and more preferably a precursor of a pdyparaphe- 
50 nylene vinylene or a pdyparaphenylene vinytene derivative 

The f foorescent dye is preferat^ at least one selected from rhodamine or rhodamine derivative, distyrylbiphenyl or 
distyry1biph»iy1 derivative, coumarin or ooumarin derivative, tetraphenylbulacffene (TPS) or tetraphenytbutadiene deriv- 
ative. and quinacridone or quinacridone derivative. In this case, the amoint of the fluorescent dye to be added is pref- 
erably 0.5 to 10wt% with respect to a solid component of the precursor of the conjugated organic polymer corrpourvj. 

55 Further, it is preferred that the precursor of the conjugated organic polymer compound and the fluorescent dye exist 

in the state of being dissolved or efispersed into a polar solvent Further, it is also preferred that a wetting agent Is con- 
tained in the contoosHion. 

Furthermore, it is preferred that the composition for the organic EL element satisfies at least one of the conditions 



2 




EP0892 028A2 



(Chemicti Formula (I)] 



5 



W 




I50®cx 4hr 

Heating 

^ 

N 2 atmosphere 

PPV 




IS Such a conjugated organic polymer conrpouid eochbits a strong fluorescence in the solid state, and is capable of form- 
ing a homogeneous and stable solid super thin film. 

Further, the corrugated organic polder conpound has an excellert formability, and has a high adhesion to an ITO 
electroda fo eddHfon, such a precursor can form a sturdy conjugated polymer film after hardening. Further, since the 
precursor is used in the form of a precursor solution before hardenfog. it is possfole to adjust Ha ooncentraticn or the tike 
20 easily, thereby enabfing to obtain a coaling liquid suit&ble for ink-jet pattern formation as will be descrfoed later. This 
means that it Is possUe to set the optinmfn concfitions for the thin film easily fo a short time and to form the thin film 
based on the conditiona 

It is pref^ed that the conjugated organic polymer compound is a hole injection and transfer type material. With this 
choice, it is possfole to pronxrte the ir^ectfon and transfer of the carriers, and improve the luminescence ^ency. 

25 As tor exanpled the precursor of such a conjugated organic polymer conpound. a polyalylenevinyleneprecusor 
is preferable. Since the polyaliyiene vinylene precursor is soluble to a water-based solvent or an organic solvent, it is 
possitte to prepare eadty the conpositfon tor the organic EL element. Further, since such a precursor can be polymer- 
ized under certain conditions, it is possfole to obtain a thin film having high optical quality. 

Exanples of such a polyallyfene vfoytene precursor include: precursa of PPV de rivative such as PPV (p oly(pa fa- 
30 phenylene vinyione)) precursor. MChPPV (poiy(2.MlrrielhQxy-i,4-phen^ vinylerte)) precursor, CN-PPV (poly(2.5- 
bish^OKy-1,4-phenyleip-{1<yanovinylene))) precursor. MEH-PPV {polyP-met^-5-{2;^^ 
nyiene vinylene) precursor and the like: pdy(alkylthiophene) precursor such as PTV (poly(2.^thi8fTylene vfoylene)) pre- 
cursor and the like; PFV (poly(2,5-furyfene vinylene)) precusor; poly(paraph8ny1ene) precursor: and polyalkyffluorene 
precursor, and the like. Among these precursors, the precursor of PPV or PPV derivatives such as shown In the follow- 
35 ing chemical formula (II) is most preferabla 
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[Chemical FCmula (11)1 



PPV 




MEH-PPV 




CN-PPV 




The precursor of PPV or the PPV derivative is soluble to water. After such a precursor solution is coat«f. heat treatment 
is carried out to conjugate the precursor, thereby forming a corrugated PPV tWn film. 

In the ink-jet method, it is preferable to use a corr^)osition which is soluble to water-based, ak»hol*based or glycol- 
40 based solvent. Since the precursor of PPV or PPV derivative is soluble to these solvents, it is possS^ to avoid unde- 
sirable effect on the human body and erosion of the passage of the discharged iiqiid and the ink head material which 
would be caus^ when Ollier solvent are used 

Further, since PPV and the Oka possess a strong fluorescence and it is a conductive polymer In which rc-electron 
of double bond isdelocafized on the polymer chain, it tspossasle to obtain an organic EL el^nent having high perform- 
45 ancei 

The c ontent of the precursor represented by the PPV precursor Is preferably 0.01 to 1 0.OwWt. and more preferably 
0. 1 to S.0wt%k wHh respect to the total anxxint of the corrposition for the organic EL element If the amount of the pre- 
cursor to be added Is too small, it is insufficient for formation of the conjugated polymer fira On the other hand, if the 
arrxsunt of the precursor to be added is too much, the viscosity of the corrpostlion becomes high, which is not suitable 
50 for coating and pattern formation with high precision by the ink-jet method 

In addtion. as for SDcamples of polymer organic compound other than the PPV precursor which can form a lumines- 
cent layer, pyrazoline dimer. quinoBzine cartxscyfic acid, benzopyryiium perchlorate, benzopyrano quindizlne. rubrene. 
phenanthroline europium cornplex and the like can be mentioned, and a composition for the organic EL element con- 
tairsng one of these cornpounds or a mixture of tim or more of these compounds may also be errployed. 

55 Further, the composition for an organic EL element acoorcfing to the presert invention Includes at least one kind of 
f luorescertt dye in addition to the precursor of the conjugated aganic polymer compound described above. In this way. 
it becomes possible to change the luminous property of the lumineecent layer. Therefore, the addition of the fluorescent 
dye is effective as a means, for example, for improving the luminous efficiency of the luminescent layer or for changing 
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the iTBxIriwm wavetongth ol absorptkin (emMed 

Maniefy. a fluorwcart dye can be utiteed not only as a material tor the luminescert layers but also as a 

the cotoring' matter which «h«t8 the luminescence function by Itself. TWs « because almost all of the energy ol the 

exciions vsWch are gsnsrated by rscoJrtJination of cairlere on the molecules of a conjugated organic polymery- 

pound can be transferred onto the moleculos of the fluaescant dye In ihis case, the curtemqu^m e«^^ 

EL element is also irwreased, because the luirtnescence arises only y ^nwleculw 

have a high fluorescence quantom etlWenqr. Accordingly, by the ««»>"« * *^****^5^ 

the organic EL eJement the lunineecence spectrum of the luminescertt layer becomes the spectrum of the fkioreecerrt 

dye, thereby erwWing to change the emitted oofor. . . 

In this cotwectkto. it should be noted that \«hat is rneam here by the current rpiantum efficiency « a <»"• 

sidering the luminescence performance according to the luminescence funcScn. and # ts defined by the toUoMmng 

expreseioa 

H g • energy of emitted photon / inputted eleetrical energy 

In tois way. by dianging toe rnaxirrwm eaivelengto of Bght absorption by the doping ot an appropriate tBiorea 

dye. it becomes possWe. for example, to emit toe three primary colors of red. green and Wue. thereby ending to obtsm 

Further, ^^oping of the fluorescent dye also makes it possWe to enptwa extremely toe Mnnous efficiency of 

the organic EL elament . . . ^ ^ 

Ab tor a fluorescent dye used tor the red lunranescent layer, laser dye DCM-1, rhodam«e or a rhodanrane denvative, 
perylene and the IB® are preferably used. These fluaescent dyes are sdiiale to solvents because they are low mole- 

cules. and have a high corrpalWlity vrito PPV « the likft so that a lunwescent layer wito a good unrformity and good 

Stability can be formed. . ^ ^ ^ ^ 

As tor exanples of the rhodamtoe derivative fluorescent dyes, rhodamine B, rtxxJcmine B base, rhodamine 6G, and 

rhodamine 101 perchlorate and the like can be mentoned. ^ ^ • 

Further, as tor a fluorescent dye used in toe green kiminescent layer, quinacridone, rubrene. DCJT and their deriv- 
atives are preferably used. Since these fluorescent dyes are low molecules in toe same manner as toe fluorescent dy« 

-to be used in toe abovermentktoed redL^^ they are ^^e to and have a hi^ compatibility with 

PPV or toe like, so that toe luminescont layer can be formed. 

As-tijr the fluorescerrt.<Jye used. iri_too blue luniin«Bcent layer, distyryWphenyl and its derivative are preferable. 
These fluorescent dyes we soluble to solv^ in toe same manner as too abovo^lw^lloned fluorescent dyes lor toe 

redhnrtnescontlayer. and have high competajlity with PPV or toe so that the tuminoscert layer can be formed. 

Further as lor other fluorescent dyes for generating blue omitted cotor. coumarin and coumarin derivative can be 

mentioned. These fluorescent dyes are soluble to solvenls because they are low mdeculos in toe same mannor as toe 
above-mentioned fluorescent dyes, and have high compatibility with PPV or the tike, so that toe luminescerTt layer can 

be formed. . _ 

As tor exanplee of the counarin derivative fluorescent dyes, coumaritvi. counarin-6, coumann-7, coumann 120, 
coumarin 138, coumarin 152, coumarin 153, coumarin 31 1 , coumarin 314, coumarin 334, coumarin 337, coumarin 343 
and the like can bo mentioned 

Further, aa tor other fluorescent dyes (luminescent materials) tor generating blue emitted color, tetraphenylbutacfl- 
ene fTPB) or TPB derivative, DPVBi and the li« are preferable. Since these fluaescent dyes (luminesc^ materials) 
are also low moleculea they ae soluble to edvents, and have high oonpatibiity with PPV. so that the luminescent laya 
canbefamsd ^ 

These fluorescent dyes and luminescent materials as descrtoed above can be selectively i»ed alone a m the form 

of anfwdureoftwoamaeolthem. 

The amourl of these fluorescent dyes to be added to the solid component of the precosa ot the conjugated 
orgaric polymer conpound are protord^ 0.5 to 10 vri%,arxlmae preferably 1.0 to 5.0wt%. If the amoint of the flo- 
rescent dye to be added is too much, it becomes cfifficult to maintain the wealha resistance and the (torabirty of the 
luminescent laya. On the otha hand, the amount of the ftorescent dye to be added is too little, it is impossible to obtain 
sufficiently the effect of actfng toe ftorescent dye. 

Maeova, it is preferable that the precursa and the fluaescent dye are (fissdved a dspersed into a polar solvent 
Since toe polar solvent is capable of reacfily dissolving a homogeneously dispersing the precu rsa and the f toaescent 
dye. use of toe polar solvent makes it posstole to prevent toe solid component in the organic EL conposition from betog 
stuck at the nozzle hole of Ink-jet device and to prevent toe nozzleholefrombeingclogged withthe sdW component 
Furtoa.it also cxKTtrtoutes to maintain toe high contact angle of toe ink at the nozzJe hole. In this way. It is possible to 
proent the berxl in toe jOted (firection of the irto. 

As for examples of toe polar solvent wata; wata oompattole alcohol such as methanol, ethanol and the like; 



6 




EP0892028A2 



tho composition with rsspsci to ths mstsflsl constituting ths nozzle surfScs incressss. As s result, only the bend in 

the jetted direction occurs, but siso its occurrence freguency tends to incresse ss is discussed with reference to the 

case ol ths contact angle On the other hand, if it exceeds 70 dyne/cm, the shape of the meniscus at the tv o» the nozzle 
is not stable, which results fe the cSIficiity in ths control of the amount and the timings of efiseharge of the compositioa 
5 Further, asfcrtheconpositionoflheorganicBelemontoflhisinvention.itisprelorattetouseacompositionwhich 

has a chararteristic that satisfies the abovennentioned numerical range tor at least one of the characterislics including 
the contact angle the viscosity and Ihe surface tension described above. In this cormection, it is rrwe prrtorable to 
a convosition which has a characteristic that satisfies the above^nentionod numerical ranges for arbitrary combination 
of two characterislics, and it is most preferable to use a composition which has a characteristic that satisfies all the 
w numerical rangee These compositions are more suitable for the ink-jet method. 

The method of manufacturing the organic EL element according to the present invention is charactwzsd by includ- 
ing a step of coating a composition for the organic EL element primarily containi^ a precursor of a conjugated organic 
polymer compoutvl by jetting out it from the nozzle hole of the head tor the ink-jet device to form a pattern, and a step 
of forming a luminescent layer by conjugating the precursor of the coniugated organic polymer compound desorbed 

IS above. As a conposition for the organic EL element used in tWs method, the conpositions for the orsfankj EL element 

described above may be enployad. ^ . j 

The precursor of the conjugated organic polymer conpound is readily soluble to sdvent^ and has a large d^ees 
of freedom in the selection tor the contact angla viaosity and surface tension of the jetting Ik^. Accordingly, since it 
is possible to diseharge an arbitrary amourrt of the composition to an arbitrary position, a precise pattern tormation can 
X be performed and the eirfssion characteristics and the fim properties of the lumineseent layer can be e^ly controlled. 

The method of corrugating the precursor of the conjugated organic polymer compound is not parliorlarly limited, 
but it is preferable to be achieved by a heat treatment In this way, the luminescerrt tayer can be easily formed with a 
simple manner. 

It is preferable that the composition tor the organic EL element mainly contains a precursor of a corrugated ora- 
25 ganic polymer compound for forming a lumines^ layer, and at least one kind of fluorescent dye tor changing the lumi- 
nescence characteristics of the luminescont layer. Since the precursor of the conjugated organic polymer compound 
forms a solid thin film, the fluorescent dye itself is not required to possess a thin film formation capabiRty, so that it may 
be used in the form of dispersing molecules. Because of this, various fluorescent dyes can be selected widely, thereby 
enablirig to form a desired luminescent layer. 

30 Moreover; "as ter the precursor of the conjugat«l organic polymer compound and the fluorescent dye, those com- 

pounds described in the above may be employed 

The structure of the head of'the ink-jet device usS iii tfieifianufictonng method of the drgariic EL element accord- 
ing to the present inversion is shown to Fig. 2. 

The head 10 tor the ink-jet device is provided with, tor example, a stainless steel nozzle plate 11 and a vibration 
35 plate 13, and they are ooipled via partitioning members (reservoir plates) 15. 

Between the nozzle plate 11 and the vtoration plate 13, a liquid storage 21 and a plurality of spaces 19 are formed 
by means of the reservoir plates 15. The inside of the respective spaces 19 and the liquid storage 21 arefiRed with the 
composition accordng to the present invention, and the spaces 19 communicate with the liquid storage 21 by means 
of supply ports 23. 

VO Further, a nozzle hole 25 is providsd in the nozzle plate 11 ter decharging the composition to a jet-torm from the 
spaces 19. On the other hand, a hole 27 is formed in the vibration plate 13 tor sipplytog the cortposition to the liquid 
storage 21. 

Further, on a surface of ttw vibration plate 13 which is opposite to the otiier surface that faces with the spaces 1 9. 
piezoelectric elements 29 are attached at fwaitions corresponding to the posKlons of the respective spaces 19. 

45 When the piezoelectrie etament 29 is energized, the piezoelectric element 29 and the vtoration plate 13 are 
detormed, by which the volume of the space 19 is changed, so that the material tor the thin fIm is cfischarged from the 
nozzle hole 25 toward the substrate. 

In titis regard, it is preferable that a water repellent treatment such as Teflon coaling treatment or the like are made 
at the inner wal portion of the nozzle hole 25 and its peripheral part in order to prevent the bend to the jetted direction 
50 of the composition and prevent clogging of the hole by the compositioa 

Using the head wHh the above construction, it is possible to form organic EL luminescent layers respectively by dis- 
charging the compositions correspondng to, tor example, the three primary colors rad, blue, and green according to 
predetermined patterns, thereby enabitog to form the pixels 

AccoreSng to the ink-jet method using the ink-jet devics as described above, the amount of the composition to be 
55 discharged, the nurtoer of times of the discharge and the forms of patterns can be ac^usted easily ard hardly, so that 
the lumtoescent characterislics and film thidmess and the like of the luminescent layers can be controlled. 

Rg. 1 is a sectional view which shows steps performed in the embodment of the manufacturing method tor an 
organie EL element of the present invention 
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orescent dy« in Ihe gfee" luminescent layer composition, respectively, and that glycerin of 3»rt% and diethylene glycol 
of 12 virt%were used as a wetting agent as shown in Table 5. 



(Examples) 

* The organic EL element was manufactured in the same way as E«mple 1 except that ooumarin 138 was used in 
the Uue lurrinescent layer composition as a fluorescent dye as shown in Table 6. 
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{Example 7) 

The organic EL element was manufactured in the same way as Example 1 except tt^ CN-PPV ^ecursor 
emits redSor was used instead of PPV precursor and that distyrylbiphenyl of 0.0075wt% (ratio for so id portion of PPV 
precursor; 2wt%) was used as a blue fluorescent dye and quinacridone of O.OOTSwt 

precursor: 2wt %) was used as a green fluorescent dye without adding any rod fluorescent dye. as shown m Tabie 7. 
(Comparative Example 1) 

As shown in TaWo 8. compositions for an organic 0 element in which aluminum quinolynol ^ex (AlQ^ 
added as a host material and in which DCM-t (red). TPB (blue) and coumarin 6 (grw) were add^ 
respectivoly, was prepared, and then the red. green and blue luminescent layers were formed using the compositions 
by means of vacuum deposition method to obtain an organic EL element 



(Comparative Example 2) 

As shown in Table 9. compositions for an EL element were prepared, in which aluminum qiinolynol complex (Alqa) 
was added as a host material. DCM-1 (red). TPB (blue) and coumarin 6 (green) were added to the 
sitions as a dopant, and wotting agent and polar solvent w»e also contained. Then, respective luminescortt ayers^e 
formed by the inkiet method using the compositions in the same way as Example 1 to obtain an organic EL element 



30 2. Evaluation of the Luminescence Characteristics and the Film Characteristics of the Luninescent Layers 

The luminescence characteristics and the film characteristics of the respective luninescent layers of the orgai^ 
EL elements which were manufactured acco^ to Examples 1 to 7 and Comparative Examples 1 and 2 described 
above were evaluated according to the following methods. 



(1) Luminescence Starling Vbttage 

A prescribed voltage was applied to the element and the applied vollago at which a luminance of 1 cd/rr? is 
observed was defined as the luminescence starting voltage (VthJ. 

40 

(2) Luminescence Ufa 

The initial fominance after a stabflization treatment has been carried out was srt to 100%. and the changes in the 
luminance of the EL element were measured under the condition that the elements w»e kept in continuous lumines- 
43 cence by supplying a constant current of standard waveform, wherein the luminescence life is defiied as the time until 

the luminance drops to 50% of the initial luminancft ^ ^ k 

In this the drive concStions tor this experiment were set at 40*C for room temperature. 23% for humidity and 

20 mA/Cm? for current density. 



50 (3) Luminance (Brightness) 

The luminance was measured at which the current was set to 20 mA/cm?. 

(4) Wavelength at Maximum Absorption 
55 

The wavelength at maximum absorption tor each lun^nescent layer was measured. 

Fig. 4 is a diagram which shows wavelength at absorption of light at the each luminescenl layers of the organic EL 
element in Exanple 1 . As the result of measuring the wavelength at maximum ateorplion for the respective lumines- 
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used, as shown in Table 18. 



(Comparative Example 4) 

The blue luminescent layer was formed in the same way as Exam^e 8 
fluorescent dye instead of rhodamino B. that DMF of 75wt % was used as a polar solvent, and that no wetbng agent 

was added, as shewn in Tabie 19. 



10 



(Corrparative Exanple 5) 

■me red luminescent layer was formed in the same way as Example 8 except that a compositi^ which indu^ 
solution of PPV precursor of 50wt % : glycerin of lOwt % and diethylene glycol of 10wt% for wetting agents, 
and DMF of 30wt% tor polar solverrt used as shown in Table 20. 



IS 4. Evaluation of Physical Properties and Discharge Characteristic of the Composition 



20 



■mo contact angle, viscosity and surface tension of the compositions of Examples 8 to 1 3 and Comparative Exam- 
Dies 3 to 5 were measured. 

In addition, the occurrence frequency of the bend in Iho jetted direction d the composition and the occurr^e fre- 
quency of clogging of the nozzle hole at the time of discharff ng the composHion from the nozzle hole of an '"k-i^nter 
(made by EPSON Co.. Lid. Model Na MJ-500C, the material constituting the nozzle suttece re a water repellent layer 
to which eutectic tetrafluoroethyiene-nickel is plated) were also investigated 



(1) Contact Angle 

The contact angle for each composition'with respect to the material constituting the nozzle sixface was measured 
in accordance with the measurement method of the contact angle as stipulated in JIS K32i 1 . 



(2) Viscosity 

M ' ' ’ " , ^ 

Jhe viscosity Of each composition at 20 *C was rnsasured using Type E Viscometer. 

(3) Surface Tension 

35 For the surtece tension * y * of each composition, the measurement was caitied out by means of the drip method 

^ When a liquid is dripped gently from the mouth of a circular tube wHh flat cut plane, a droplet falls as its weight over- 
comes the surface tensioa H foe mass of the droplet is called -m’. the force pulling H downward is ’mg*, and ttie force 
pulling It ipwaid is 2 n r y Cf* is the outer radius of the mouth of the pipe). Based on the relationship between the two 
40 forces, the surface tension * y ' of trie composition was detemxned by measuring "m". 

(4) Occurrence Requeney of Berxl in Jetted Direction 

When the composition was continuously discharged (at a frec|uency of 7200Hz). a lime required unftl the bend in 
45 the jetted direction occurred was measured. 

(5) Occurrence Frequency of Clogging of Nozzle Hole 

When the coiipositlon was continuously discharged (at a frequency of 7200Hz), a time required until the nozzle 
so hole was leaded to be impossible to discharge the composition because of the clogging of the nozzle hole by the pro- 
. dpitated solid component of the composition, was measured. 

The results of these experiments are shown in Table 21 . 

As shown in Tsdjle 21 . each of the coitpositions in Examples 8 to 1 3 has maiKedly tower values of the wurrence 

frequency of the bend in the jetted direction and the occurrence frequency of the dogging of foe nozzle hole in rampar- 
55 ison with those of Conparalive Examplee. and the occurrence frequendes indfoated by the values were within the 

range of the practicel level. , 

In particular, when all of the characterisUcs including the contact angle, the viscoaly and the surface tension of the 
conposHions foil within the ranges spedfied by this invention, the occurrence frequency of the bend in the jetted direc- 
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tion and the occurrence frequency of the clogging of the nozde hole were low larel. so that it was found that they were 
GDdremely excellent conpositions. 

In contrast when the compositicn in Comparative Example 3 was discharged, the occurrence frequency of the 
bend In the jetted dlredfcn and the occurrence frequency of the dogging of the nozzle hole were t^gh level since the 
5 corrpositjon of Ccirparative Example 3 has a tendency that the solid connponent in the composition is likely to stick at 
the periphery of the nozzle hole, so that it was fburxf this corrposllion can not be practically used. 

The composition in Comparative Example 4 has a large value fbr the occurrence frequency of the bend in the jetted 
direction, so that it was found that it is not suitable for fine pattern formatfon. 

Further, for the compodtion in Comparative Example 5. the doggkig of the nozzle occurred in a short time as soon 
TO as the discharge of the composition was started, so that it could hardly discharge the compositioa 

5. Formation of Organic EL Element 

Then, by carrying out a vacuum deposition of aluminum quinolynol complex to which no doping was carried out, the 
T5 electron injection and transfer layer 1 1 1 having a thickness of 0.1 ^m was laminated on the luminescent layers which 
were formed of the respective conrpositions in Exarrples 8 to 13. 

Finally, an AJ < U electrode having a thickness of 0.8 ^m was formed as the cathode 1 13, respectively, by the dep- 
osition method, arxf thereby martrfocturing the organic EL elements. 

20 6. Evaluation of Lurnnescent Characteristics and Rim Properties of the Lumfoescent Layer 

The luminescent characteristics arxl the film properties of the livninescent layers formed from the oorrpositions of 
Examples 8 to 13 were evaluated by the same methods as descrfoed above with reference to the description *2. Eval- 
uation of Luminescent Characteristics and Rim Properties of the Luminescent Layer'. 

25 The results of these evaluations are shewn in Table 22. 

As can be seen from Table 22. the luminescent characteristics and the film properties of alt of the luminescent lay- . 
ers formed using the compositions of Examples 8 to 13 were exceileni Namely, it was possible to obtain organic EL 
elements free from dark spots and have high luminance and long life. 

In the above, the compositibns fa the organic EL element and the methods of ma nufacturing the organic EL ele- 

30 ments have been de^bed for respective emboefiments iifosirated. However, the present invention is noft limited to 
these embodiments. Narn^, in me mefriod manufacturing the organic EL element, it rr^y further includes a step of 
inserting arbitrary intermediate layers such as a carrier transporting layer or a buffer layer between the layers. As for the 
buffer layer, 1 ,2.4-tria20le (TAZ) derivative and the tike can be mentioned, which is effective for improving the luminance 
and the luminescence life. 

35 Further, the method may further include a step in which surface treatment such as plasma treatment, UV treatment, 
coupling or the like are appfied to surfaces of pixel electrode, an underlying layer and the like in order to facilitate the 
sticking of the EL materials. Further, the method may further include a step of forming a protective layer on the cathode. 

Furthermore, the material constituting the nozzle surface of the ink-jet device is not limited to those of the embod- 
iments described above. 

40 Moreover, in the composHion for the organic EL element of the present invention, the fluorescent dye to be added 
for changing the luminescent characteristics is not limited to those of the embodiments as long as they can be dissolved 
and dispersed homogeneously into a solvent 

As deserfoed in the abova aocorefing to the compositions for the organic EL element of the present invention, a 
rationa) design of the organic EL element is possibid through wide ranging selection of luminescent rraterials. In partic- 
45 ular, when the composition for the organic EL element includes a precursor of a conjugated polymer based organic 
corrpound and a fluorescent dye, it is possUe to manufacture an organic EL element which realizes a full color display 
since various klrxls of luminescent layers can be obtained through the selection of various materiais. In addition, it is 
possfole to develop designs for various organic EL elements with high luminance and long life. 

Further, since conditions for a coirposition, such as contact angle, viscosity and surface tension can be freely set. 
50 the conditions suitable as a discharge liquid for the ink-jet method can be easily adjusted. 

Accading to the method of manufacturing the organic EL element, it is po^fole to employ the ink-jet method to the 
formation of a luminescent layer, a hole injection and transfer layer, and an electron injectfon and transfer layer In that 
case, it is possible to carry out easily a high precise pattern formation in a short time without the occurrence of the bend 
in the jetted direction of a discharge liquid ard the occurence of the doggnig of the nozzle hola In addition, the opti- 
55 mizations of the film design and the luminescent characteristics can be readfly achieved, thereby enabling to form a 
luminescent layer and an EL layer which are capable of easy ac^ustment of luminescence efficiency and have excellent 
durability. 

Further, according to the ink-jet method, conditions such as the film thickness, the number of dots and the like can 
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be acflustod arbitrarily, so that the size and the pattern of the lunrinescent element can also be set arbitrarily. 

Furthermore, according to the Ink-jet method, the element can be termed without being restrained by the dimen- 
sions of the substrate and the like since the head can be moved freely. Moreover, since required amounts of materials 
can be arranged at requked locations, it is possible to maximal^y exclude the usel^sness of waste liquid arxJ the like. 

Finally, it is to be understood that the oonposition for the organic EL element according to the present invention is 
not limited to the ontixxliments desabed above, and it is possible to make various changes and additions without 
departing from the scope and spirit of the present invention as defined in the appended claims. 
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1 . A oompoGition for an organic EL element for forming at least one luminescent layer having a certain color, said corn* 
55 position comprising; 

a precursor of a conjugated organic polymer corTpound for forming said (umine«;ent layer; and 

at least one kind of fluorescent dye for changing the lumtneecence characteristk: of the luminescent layer. 
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2. The co mp osition for an organic EL element as claimed in claim 1 , wherein said luminescent layer is formed from a 
pattern of the composition which is formed by an ink-jet method. 

3. The composition tor an organic EL dement as claimed in dalm 1, wherein the luminsscencs characteristic is a 
maximum wavelength of absorption. 

4. The conposition for an organic EL element as claimed in claim 1 . wherein the conjugated organic polymer coni- 
pound is a hole injection and transfer type material. 

5. The conposition tor an organic EL element as claimed In daim 1 . wherein the precursor of the conjugated organic 
polymer compound indudes a polyaflylene vinylene precursor. 

6. The composition tor an organic EL element as claimed In daim 5, wherein the precursor of the conjugated organic 
polymer compound includes a precursor of a polyparaphenylene vinylene or a polyparaphenylene vinylene deriva- 
tiva 

7. The conposition for an organic EL element as claimed in daim 1 . wherein the fluorescent dye indudes rhodamine 
or rhodamine derivative. 

8. The composition for an organic EL element as daimed in claim 1 . wherein the fluorescent dye includes distyrytoi- 
phenyl or distyrylbiphenyl derivative. 

9. The composition for an organic EL element as claimed in daim 1, wherein the fluorescent dye indudes coumarin 
or coumarin derivative. 

1 a The composition tor an organic EL element as claimed in daim 1 . wherein the fluorescent dye includes tetraphe- 
nylbutadiene (TPB) or tetraphenylbutadiene derivativa 

11. The composition for an organic EL element as daimed in daim 1. wherein the fluorescent dye indudes quinacri- 

done or quinaorii^e derr^ive. ~~ ~ 

12. The compositjon for an organic EL element as clamed in daim 1, wherein tHe precursor of the conjugated organic 
polymer compound and the fluorescent dye exist in the state of being d.’ssolved or dspersed into a polar solvent. 

1 3. The composition tor an organic EL element as daimed in daim 1 , wherein the amount of the fluorescent dye to bo 
added is 0.5 to 10wt% with respect to a solid component of the precusor of the conjugated organic polymer com- 
pound. 

1 4. The composition for an organic EL element as daimed in daim 1 . wherein the composition contains a wetting agent 
for preventing the compositjon from being dried and solidified. 

1 5. The conposition for an organic EL element as daimed in daim 2, wherein a contact angle with respect to a material 
constitutkig a nozzle surface of a rx>zzle provided in a head of an ink-jet device used for the inkjet method for dis- 
charging the composition lies in the range of 30 to 170 degrees. 

16. The composition for the organic EL element as claimed in daim 1. wherein a viscosity of the composition tor the 
organic EL el^nent is 1 to 20cp. 

1 7. The conposition tor the organic EL element as claimed in daim 1 . wherein a surface tension of the composition for 
the organic EL element is 20 to 70dyne/cm. 

ia A method of manutocturing an organic EL element, compridng the steps of: 

coating a pattern by cfischarging a composition for an organic EL element containing a precursor of a conju- 
gated organic polymer conpourp from a head by an ink-jet method; and 

forming at least one luminescent layer for a certain color by conjugating the precursor of the conjugated 
organic polymer conpound. 
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19. The method of manufacturing the organic EL element as claimed in claim 18. wherein the composition further com- 
prises at least one Kind of luminescent dye lor changing a luminescence characteristic of the luminescent layer. 

20. The method of marxjtacturing the organic EL element as claimed in claim 19. wherein the luminescence character- 

5 istic is a rhaximum wavelength of light absaption. 

21. The method of manufacturing the organic EL element as claimed in claim 18. wherein the conjugated organic pol- 
ymer compound is a hole injection and transfer type material. 

10 22. The method of manutacturing the organic EL element as claimed In daim 18. wherein the precursor of the conju- 
gated organic polymer compound indudes a precursor of a polyaltylene vinylene. 

23. The method of manufacturing the organic EL element as daimed in claim 22. wherein the precursor of the pdyal- 
lylene vinylene includes a precursor of a polyparaphenylene vinylene or a pdyparaphenylene vinylene derivative. 

'5 

24. The method of manufacturing the organic EL element as claimed « any one of claims 19. wherein the fluor esceni 
dye includes rhodamine or rhodamine derivative. 

25. The method of manufacturing the organic EL elanent as clakned in ddm 19, wherein the fluorescent dye indudes 

20 distyrylbiphenyl or distyrylbiphenyi derivath/a 

26. The method of manufacturing the organic EL element as claimed in daim 19. wherein the fluorescent dye indudes 
coumarin or coumarin derivative. 

25 27. The method of manufacturing the organic EL element as claimed in daim 19. wherein the fluorescent dye indudes 
tetraphenylbutadienQ (TPB) or tetraphenylbutadiene derivative. 

28. The method of manufacturing the organic EL element as claimed in daim 19. wherein the fluorescent dye indudes 

quinacridone or quinacridone derivative. - - — - -- - -- -• 

io 

29. Tbe m ethod of manufacturing the organic EL element as claimed in daim 18. wherein a contact angle with respect 
to a material constituting a nozzle surface of a nozzle of a device used for the Ink-jd method fa discharging the 
composition lies in the rage of 30 to 1 TOdegrees. 

35 30. The method of manufacturing the organic EL element as daimed In claim 1 8, wherein a viscosity of the composition 
for the organic EL element is 1 to 20cp. 

31. The method of manufacturing the aganic EL element as daimed in 18, wherein a surface tension of the composi- 
tion fa the aganic EL element is 20 to TOdyne/cm. 
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